Data ProcESSUn'C An~D \*aL(DaT[ON 

RELATED APPLiC ATfQXS 

This applicacion clHims prioricy under 35 U.S.C. § I 19(e) to United Scaces Provisional 
?a:en.: Apolicacions Serial Nos. 60/1 14.354 and 60/1 14.56S. boch of which v/ere filed on 
December 31. 199S. 
FIELD OF THE rXVEN'TlON 

The present invention is directed to data processing and validation of data collected 
irom sensing devices, and more panicularly from devices for remotely detecting components 
of ^.-ehicle emissions. 

BACKGROOND OF THE [NVENTION 

Environmental pollution is a serious problem which is especially acute in urban areas. 
Motor vehicles, such as automobiles, are a considerable contributor to this pollution dilemma, 
especially those not equipped with anti-pollution devices, or with breaches in their structural 
integrir>-. Cenuralized systems to detect vehicle emissions at specific test locations are known. 
One such system, described in U.S. Patent No. 5,729,452, senses the emission plume of a 
vehicle. If the vehicle emission fails, the diagnostic system prepares a repair report which 
identifies the cause of the failure. This system has the drawback that the system requires 
vehicles to be taken to the specific test location. 

Systems for remotely sensing vehicle emissions (e.g., roadside) also are generally 
known. A conventional system for remotely sensing vehicle emissions includes a sensor for 
sensing the emission plume, and an image retrieval device, such as an automatic license plate 




Aucomacic license pbce readers may sufrer iVom che problem of aoc ob^ainins a clear 
pic-:i:re of a license place of a vehicle being sensed. A license olate may be obscured by a 
•railer hicch or a irailer, or may be covered wich dia or snow. The license place area may also 
be coo dark to obtain a clear picture co read by che aucomacic license place reader. If an 
aucom.acic license place reader is inefc"ecuve, sensed emissions data cannot be. associated with 
a panicular vehicle or ty-pe of vehicle. In areas where remote vehicle emissions test data is 
used to decerTTiine if a vehicle must repoa for a more comprehensive emissions tesi, failure to 
capture a vehicle license plate hinders the emissions control enforcement effon. 

One such license plate reader is described in U.S. Patent No. 5,515,042. In this 
system, an automatic license plate reader is mounted to a vehicle. When a speeding vehicle is 
encountered, the license plate reader, in conjunction with a global posiiioning system, 
produces a vehicle identifying image with the date, time, speed, and rocation superimposed on 
the image. This system, however, does not provide for data validation should the vehicle 
license plate be obscured fi'om view. 

U.S. Patent No. 5,583,765 discloses a remote S)*stem for monitoring the weight and 
emissions of trucks. The system detects the emissions from an e.xhaust plume of a truck, A 
bar code located on the truck is scanned for identification purposes, and an image of the 
vehicle is used for visual verification. The system does not disclose using an automatic 
license plate reader, but rather requires a specialized bar code for each vehicle to be detected. 
This system also fails to provide for data validation should the license plate of the vehicle be 
obscured from view. 

Another remote vehicle emission sensing device is disclosed in U.S. Patent No. 
5,719396. A first and a second monitoring station are used to determine vehicle emissions. 
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ize-:if-c2cion- ^'iceo images ia a cisplay monUor may be -sed co verir.' chat che license oiz-e 
re;^ie: has correciiy idenci-led che license oiace aunibers. 

Convencional daca processing an.d validacion systems also suffers from che drawback 
of failing CO account for che wide variec>- of vehicle licenses places which are currencly in use. 
ir specialized license places are noc read properly by an aucomacic license place reader, vehicle 
emission scacistics and/or law enforcement effoas may be skewed and the public may view 
chis as an effon to target ceaain classes of vehicles. 

These and other drawbacks of current vehicle emissions testing devices e.xist. 

SUMM.ARY OF THE INVENTION 

An object of the various embodiments of the present invention is to overcome these 
and other drawbacks in e.xisxing devices. 

Another object of one embodiment of the invention is to provide systems and methods 
for processing and reviewing data gathered from vehicle emissions by a remote sensina 
device. 

Another object of an embodiment of the present invention is to provide systems and 
methods for comparing image data from a vehicle \^ixh an automatic license plate reader 
output taken from the vehicle to ensure that license plate data is correct. 

Another object of an embodiment of the present invention is to provide systems and 
methods for matching license plate data v,ith motor vehicle registration records, thereby 
obtaining more information about a vehicle .ov\-ner. 

Another object of an embodiment of the invention is to provide systems and methods 
for ensuring the accuracy of data gathered by a remote sensing device by checking remote 
sensing device comi>onents. 



iO 



A-oc-er obiec- oc" an embodime-c of che invendo- is ;o ~oni:or sigr-iilcanc ac-ivir.- 
oo--j.--.r.2 arour.- cae ioca-.ion oc" che re-oce sensing ce-.ice v.hich may acTecc -he sachered 

Another object of an embodin^enc of the invention is to provide systems and methods 
to: tdentilS-ing parterr.s of problems in data gathered by a remote sensina device. 

Another object of an embodiment of the invention is to provide systems and methods 
for gathering and processing data on vehicle emissions fVom a remote sensing.device, wherein 
the data may be used for law enforcement. 

.Another object of an embodiment of uhe invention is to provide systems and methods 
for processing and reviewing data on vehicle emissions from a remote sensing device, 
wherein the chain of custody of the data is maintained to allow introduction of the data as 
evidence in a judicial proceeding. 

These and other objects of the invention are accomplished according to various 
embodiments of the invention. Certain embodiments of the invention relate to a method for 
i :• validating data &om a remote sensing device. A pluralit>- of records, each record containing 

vehicle data, may be received from a remote sensing device. Tne records may be validated 
and sent to a predetermined location. Validating records may comprise comparing image data 
of a vehicle license plate with license plate data from an automatic license plate reader. Data 
may also be reviewed to determine reliability and/or accuracy of the emissions data. A 
20 system for implementing this method is also pro\-ided. 

Other embodiments of the invention relate to a method for validating information 
from a remote sensing device. The remote sensing de%-ice generates emissions data, image 
data and license plate data for a vehicle. Tne emissions data, image data and license plate 
data are combined to form a record. A record is forwarded to a processing station, where the 
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these and ocher aspeccs of che various embodin^encs of che preseac iavencion shall 
become apparenc from che accompanying drawings and decailed description chereof. 

SRJEF DESCRIPTION OF THE DR.A\vrN'GS 

Figure I is a flowchan of a method for data processing and validation of remotely 
sensed vehicle emissions data in accordance wiih an embodiment of the invention. 

Figure 2 is a flowchan of a method for collecting data from a remote sensing device, 
according lo an embodiment of the invention. 

Figure 3a is a flowchan of the tag edit function according to one embodiment of the 
invention. 

Figure 3b depicts an example of a graphic user interface that illustrates various aspects 
Oi one embodiment of the data validation process of the invention. , ^ ' ' 
Figure 3c is a block diagram of a tag edit system. 

Figure 4 is a flowchan for a method of plate matching in accordance with an 
embodiment of the invention. 

Figure 5 is a flowchan of a method for data submission in accordance with an 
embodiment of the invention. 

Figure 6 is a flowxhan of a method for data archi^-al according to an embodiment of 
the invention. 

Figure 7 is a flowchan of a method for extracting data according to an embodiment of 
the invention. 

Figure 8 is a block diagram depicting some of the functions of the processing and 
management form generator according to an embodiment of the invention. 
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r:gu:e 9 is a biock diagram of a daca processing and validation syscen^ in accordance 
cn an en'^.bod'-naenc or che oresenc in^'encion. 

Figure 10 is a biack diagram of a remoce en:issions sensing device in which che 
presen-: in^■enC!on niay be employed. 

DETAfLED DESCRIPTION OF THE PR£FEFL?IED E:\(30D[MENTS 

A descripcion of seeps which may be employed to accomplish data processino and 
validation is given in ihe context of Fig. 1. "Tield Collection" occurs at step 32, where 
vehicle emission data, image data, license place data or oiher data from a remote vehicle 
emission sensing device ("RSD") is collected and preferably stored. ^Tield Presentation ' 
may occur at step 34, where collected data is presented to data handlers. ''Data Handling'^ 
may occur at step 36, and may include entering and editing data, as necessary. ''Data 
Review." may occur at step 38, is performed to ensure the accuracy of at least some of the 
data. At step 40, 'Tlate Matching" may match license plate data to Records of registration 
data for motor vehicles. ''Data Submission" occurs at step 42, v^iiere validated data may be 
sent to the appropriate client. "Data .ArchivaF^ occurs at step -54, where raw data and 
validated data are stored for safekeeping and later retrie\*al. Data processing is terminated at 
step 46. Various combinations of one or more of these steps may be present in diflferent 
embodiments of the present invention, A more detailed description of each of the steps of 
data processing is given below. 

As illustrated in Fig. 1, collection and optional storage of data from an RSD occurs at 
step 32. An RSD obtains vehicle emission data. An RSD also may gather image data 
including an image of the license plate of a vehicle, license plate data v,-hich corresponds to a 
license plate number read by a human operator or by, an automatic license plate reader 
(ALPR), and other data such as engine temperanire, ambient conditions, date, time, traffic 
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zi\2. <ceei and or acceiera^ion d2;a. 2-dor c2[ib:3c:on daca. A varie:v oidi:^ rela-ina co each 
'•enicie ai ^veu as associa-ea ocher daca. such as caiibracion daca. cime da;a. soeed and'o: 
2:c-;era:ion daca. and-'or daca on an-bienc Qorxcliloai -;ay be con^bined co rbrm a daca record. 
A n^.ore decailed descripcion of such a syscem is provided below. 

Daca is collected for loading inco a daca processing necwork in preparation for 
processing, validation, and review (steps 36 and 3S). In one embodiment of the invention, 
daca from a single RSD are collected and processed together. Data may be collected and 
processed at each RSD, or data may be.collected at each RSD and transferred to a central data 
center to be processed at step 36. Fig. 1 illustrates/by way of e.xample only, an embodiment 
of the present invention which collects data at one or more remote locations, transfers the data 
to a central data collection facility, and processes and validates the data at that central facility. 

According to an embodiment of the invention, data may be transferred to a central 
data collection facility from one or more remote locations by telephone lines, cable lines, 
v^-ireless transmission, computer modem, internet transmission, email, satellite transmissions 
on physical media such as magnetic disk, or by any other conventional data transmission 
means. In a preferred embodiment of the invention, data is received at a central data 
collection facility on rewritable optical storage disks. The data may be saved and/or backed 
up at the collection facility to allow for processing and validation without risking loss of the 
original data. Image data may be stored separately from emissions or other collected data, 
thereby helping to ensure privacy for vehicle owners. Data may be stored in compressed 
form, panicularly image data, which lends itself to compressed storage. 

Data to be processed may be imponed from data storage into a data processing 
network, or may be imponed directly from an RSD into a data processing netv,-ork without' 
storage, if desired. In one embodiment of the invention, data may be imported using a data 
importation program described in greater detail below. 
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Couej-ei data cnay be presencei lo dz:2 h2:\d\t-s :n seep 34. According co an 
en-rocmienc oc i"ven:ion. daca may be preseaced :o C2:?. handlers via accessing a 
co~p::Cer ne:^vork. Da;a rr^ay be placed wi:hin che necwork. A daca handler niay access the 
^.e:v^■o^'^: eleccronicaiiy. such as by the incemec chuough an incemec 5er\-ice provider, or from a 
: processor, such as a personal computer, worksiacion. or similar device. Access co the network 

may be con-rolled chuOugh the use of passwords or ocher conventional securic\- measures. 
Other methods of electronically accessing the network may also be used, such as through a 
closed network connection. According to an embodiment of the invention, a data handler 
2I50 doumload data from the network onto" a storage medium of a computer for 
'-'^ processing. Oiher kno\^Ti methods of accessing the data for processing may also be used, 

m Data Handling occurs at step 36, and may preferably include validating data ai least by 

W verif>-ing license plate data based on image data, where ihe image data includes an image of 

L uie license plate of a vehicle and/or gives an indication of the vehicle make, model, year or 

E . i 

fij In one embodiment of the invention, the data handler may enter license plate numbers 

C3 based upon image data using a tag edit program (or ''tag editor'^). A tag editor may also be 

employed to verify license plate numbers generated by a human operator or by an optical 
character reader such as an ALPR. A disk operating system (DOS>-based tag editor, a tag 
editor that is compatible with a Windovr-s® application, or a tag editor based upon another 
operating system may be used, 

A tag editor may also be employed to code traffic that passes an RSD based on image 
data and/or other collected data. Coding may include identifying the type of vehicle (e.g., 
motorcycle, school bus, automobile, construction equipment, diesel, gasoline, etc.) for which 
data is taken by the RSD, identifying the t>-pe of license plate on a vehicle, excluding 
parucular vehicles from a data sample based on vehicle type or license plate iiiformation, 
25 selecting particular classes of vehicles, etc. In an embodiment of the invention, information 
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e-us5;o-5 d.--:?.. The tag edic prograrp. is descnbed in ^reacer de:a;l beio-.v. 

Da:a chac has been processed may be reviewed a- s-.ep :.S. in an erTibodimenc of -.he 
inve-cion. proceised daca may be canslaced inco a cexi file or stiicable ou-put files for viewing 
•he results. Data translated into an appropriate t'orm permits importation into spreadsheet 
prog-am.s. Contemporarv.- examples of spreadsheet programs include QuattroPro®, LotusD, 
and Excels-.- Data may alternately be translated into an appropriate form and imponed into a 
database. Contemporary database applications include DbaieS. .Access®, and S.A.S®. Other 
suitable applications for viewing data may also be used. 

Conversion of data into an appropriate fonm for spreadsheet or database applications 
allov.-s a reviewer to ensura..fhe quaHt>- of the data in a reliable, quick and efficient manner. 
According to a preferred embodiment of the invention, accuracy and/or validity checks are 
made on data, and data records that do not meet predetermmed quaJiry assurance standards 
may be flagged, invalidated, labeled as suspect, or removed. Other fofms of quality assurance 
may also be employed. 

In addition, the data review step 38 may be employed to implement a variet>- of 
specifications, such as those mandated by State law, to ensure such things as data accuracy, 
random sampling, appropriate data selection, data validity, pri\-acy and other types of 
activities which can be furthered by data manipulation. 

Reviewed data may be matched with vehicle registration data at step 40, thereby 
pro\'iding information regarding the owTier of a vehicle as well as the type of vehicle. 
.According to an embodiment of the invention, license plate data may be matched with 
information in motor vehicle registration records. This infonnation'^y^'nnHiide the name 
and address of a vehicle owner, thereby facilitating notification of the owner of the results of 
25 an emissions test on the vehicle. 
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Da^n ~2y be s^-b — = c:ed co a ciie:^: or oche: enci:>- ir. <:ep 42. (r^ en^bodimeac of che 
ve::::on. -n^age daca o: vehicles rr;a>- be oucpu: as pan of a u-arning o: cuacion and chea be 
en-pioyed by iaw enrbrcer-enc agencies lo: !a^v encbrcen:en:. [n another embodiment che 
encire database may be cumed over lo sca-e agencies for che purpose of craffic and/or 
em.issions studies. Daca may be subm.iried on any appropriace media. Media may include 
eleccromc transmission, magnecic scorage disks, optical scorage disks, ^^riaen repoas, or other 
methods for communicating the data. 

To ensure later retrieval, data may be archived at step 44. According to an 
embodiment of the invention, various r>pes of archived data may be stored. Data to be 
archived may include, but is not limited to, collected data, data edited by data handlers, data 
that has been reviewed for accuracy and/or validiry, data ihac has been submined, and other 
data. Archived data may be stored on magnetic or optical disks, or may be stored on a storage 
area of a processor. Other methods of storing data may also be used. Archived data is 
preferably stored using redundant data storage devices at different locations. 

.According to an embodiment of the invention, a data importation program may be 
used in connection v^ith the data collection of step 32 of Fig. 1. Fig. 2 illustrates, by way of 
example only, an embodiment of a data importation program used in data collection. An 
RSD senses emissions from vehicles at step 50. At step 51, an RSD collects other data. 
Other data collected may include image data, emissions data, license plate data and other 
20 data. The data importation program is activated at activation step 52 and data to be imponed 

is selected at step 53. A destination for the imponed data is selected at step 54. According to 
an embodiment of the invention, a computer nerv,-ork may be selected as the destination for 
the imponed data,^ Data is imponed to the selected destination at step 55. According to an 
embodiment of the invention, the data importation step may also include the step of 
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CO- ve-- g [nco a more app:o?-2:e to— a: :br i pa-icu!- conipu-r network or sor^ware 

£niis5ion5 daca gachered by an RSD nnay be scored in a vehicle data ale. A user -zv 
seiecc v/hich vehicle daea Hie or nles co conver: and select a desiinacion direccor>* for che 
convened files. A desiinadon directorv" may include any standard database or spreadsheet, 
depending on the user's preference. Thus, in an embodinnenc of the invention, original files 
and convened files may coexist. A user may activate the conversion program, thereby 
creating a text file from a vehicle data file. 

Data imponation may include compressing data files if data compression is necessary 
or desirable. For example, pixel files may be compressed by convening pixel data into Joint 
Photographic Experts Group ("JPEG'') formaned picaires. Files may be compressed to 
one/ninth of the files' original size. Other factors of compression may also be used. .Such 
factors may depend on hardware configtirations and limitations. If large scale central data 
processing is to be carried out, some data compression may be requirecl. 

In another embodiment of the invention, data imponation may be used to conduct file 
maintenance procedures. File maintenance procedures may include copying files from a disk, 
and/or creating archive copies of a file, thereby allowing restoration of a file should problems 
later arise with that file. Also, viriis scans and disk checking operations may be performed at 
this stage. 

A data importation program may impon data into a destination folder in a network. 
Such a network may contain a designated area for data files. In an embodiment of the 
invention, a data importation program determines if files to be imponed already exist in a 
destination folder. _ If imponed files already exist, a data importation program may import 
new files using a modified filename. This embodiment enables importation of data without 
overwriting previous data, 
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in -a ^~rodi-e-c ofche inveniioa. d-:i Importncio- c-ces r-y be ussd -o orioricize 
crcj^iii-c. cl:5C i-;ro-ed. nrsc processec. Prioridzinc d-:- processing t- chis m-ar^er 
-2y ii;o-.v rb- quicker re;um of resuics ar^d reduce delay. This ceacure may be userul tor cime 
senj:::>. e daia. such as daca descin.ed for law enforcemenc or regu!acor>- aaeacies. 

According to an embodiment of the invention, data may be validated by inspectins the 
data, inspecting data may comprise data handling, and data review. According to an 
embodiment of the invention, inspecting data comprises ensuring the accuracy of the data, 
and determining if data meets predetermined quality assurance criteria. Other methods of 
inspecting data may also be used. 

Data handling, at step 36 (see Fig. I), may be performed by entering license plate 
numbers of vehicles for which data has been taken. An em.isstons detection system may be 
coupled with a vehicle imaging device which records an image of at least a ponion of a 
vehicle preferably including the license plate. Tne apparatus may optionally also include an 
.ALPR which preferably enters into a data storage system the license plate number of the 
vehicle for each emission detection performed. .An operator may use the lag edit fijnction of 
the present invention to view the vehicle image data and/or each license plate entry in the 
system to ensure the accuracy of the identification of each vehicle and/or to correct invalid or 
incorrect entries. The tag edit function allows a user to enter and edit license plate numbers, 
as well as enter and edit \-arious additional information relating to the vehicle for which 
vehicle emission data has been collected. 

As illustrated by Fig. 3a, one embodiment of the tag editor of the present invention 
may involve activation of the tag editor function at activation step 60. Data to be edited may 
be retrieved from the appropriate files at step 62. A vehicle record number is then selected in 
step 64. The user may then either enter a license plate number or verify v«diether the license 
plate number already entered in the selected record by an ALPR is correct at step 66. In one 




in ^:\oia^: en^.bodirnenc. vehicles may be cacegorized based on the various r>pes of 
license plates. In this embodiment, at step 70 a license pla-e r>pe may be selected from a set 
o: -redetermined categories. Categories may include out-of-state license plates, afnnit\* 
license plates, government license plates, embassy plates, unreadable license plates, license 
plates hidden by obstructions, vehicles pulling trailers, or any other t>pe of license plate or 
other desirable categorization of license plates which may be encountered at a particular 
detection location. Changes and/or additions made to the license plate record mav be saved at 
step 72. -^zj^ 

At step 74, a determination may be made of whether to continue editing license plate 
records. If a user elects to continue, a new record is selected as at step 64. A user may also 
choose to close the tag edit function at step 76. 

In one embodiment of the invention, a conversion program may conven data into text 
form. Data may be convened into a format that may be read by conventional databases or 
spreadsheets. Vehicle images may also be extracted. In one embodiment of the invention, 
vehicle images are extracted from the data and pasted into a document, such as a warning or 
citation, for law enforcement purposes. A more detailed descripdon of various aspects of the 
tag edit function will now be given. 

The functions of a tag editor of one embodiment of the invention may grouped in 
various categories for bener understanding .and description. One category of functions may 
be described as Navigation functions, which include functions that enable na\-igation within 
the tag editor. Another category of functions may be described as License Plate Type 
functions, and may include functions that relate to identifying, validating, correcting and 



c-exoriri-g che Hcer^ie ol-e cxpes. Ano;he: c2:egor.- oc" t\i-c:ion5 may be described 25 
Venide Type d-nccions. A Vehicie T>pe r-c-loa may be used co idencir.- and/or ciaisiry- 
■•.er.ic'.es. A rurxher ca:ego-- oc" rjnccions m.ay be ideacicled as Kelp ainccions. which aid in 
oercbrming ocher ainccioas. A final catego-r>- of functions are Dacabase- Manipulacion 
functions which are high level ainccions that enable modification of various parameters of the 
tag editor database. Some mnctions may fail into more than one category. Functions may be 
accessed by activating an appropriate icon on a graphical user interface, or may be associated 
with a paaicular set of .keystrokes. Other methods of accessing the functions may also be 
used. 

Navisacion Functions 

Navigation functions allow navigation uithin the tag editor from record to record for 
display and/or editing purposes. A ne.xt record ftinction allows movement to the next record, 
while a previous record function allows movement back 10 a previous record. A select record 
function allows the input of a specific record to be displayed. Navi|ltion functions may also 
permit access to a record located in the middle of a group of records using a flag record 
function. This may be useful if an item of interest in a panicular record has been identified. 
A user may also return to a particular record using a last record function. This Navigation 
function may be desirable if it-is necessar>- to reedit or review the last record which was 
edited in a previous editing session. Additionally, if the active record does not need to be 
changed, or a user is unsure how to edit a panicular record, the tag editor may move to the 
next record using a skip record function. The skip record function is also useful if a vehicle 
record does not meet predetermined validation criteria and it is thus desirable to skip the 
record without pro.cessmg it. A final Navigation function is associated with an accept record 
verification fiinction. More specifically, once a record has been determined to be acceptable 
for entry into the database of processed records, it may be accepted using an accept record 




Veriilca-ioa Funcuons 

Venhcacion func-.ions allow verificacioa of the informaiion displayed in a record, 
•npui: 01 additional informaLion which is not present in che record or modification of incorrect 
caca in the record. The accept record function permits the record to be included in a database 
of processed records when it is determined that the data in the record is acceptable. The 
view/edit function allows verification of results from an ALPR by comparison with an image 
of the vehicle license plate. A modify license number function permits the license plate 
number associated with the record to be changed if the results izom the .ALPR are determined 
to be incorrect or incomplete, 

A further verification function in the exclude record function allo\^3 a panicular 
record to be excluded from the database of processed records. This ninction may also include 
a series of designations indicating the reason that a panicular record Ivas excluded. 

Another verification function is the emissions data verirlcation function which 
employs predetermined criteria to ensure that reliable emissions data have been obtained for a 
panicuJar vehicle. An indication may be given that the emissions data is umr liable for any 
number of reasons including insufficient emissions plume, calibration errors, a reading which 
falls outside a predetermined acceptable range, improper alignment of optical components or 
any other applicable reason. This flmction alerts the user that the data is considered 
unreliable and prompts the user to exclude the record from processing. 

Vehicle data present in a record may include the speed and acceleration of a vehicle. 
A vehicle tiaveling too fast or accelerating at a high rate may result in an unreliable emissions 
reading. In another embodiment of the invention, vehicle data displays whether the vehicle 
engine had just been started when the emissions test was performed. Emissions testing may 
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bn-:s5ion5 dan present in a record may include daca on various componencs of interest 
of a vehicle emission including the concentration, identity and an indication of whether the 
concentration exceeds predetermined limits. Components of interest may include carbon 
dioxide (CO2). carbon monoxide (CO), hydrocarbons (HC). and nitrogen oxides (NOx) as 
well as other materials, depending primarily on the r>-pe of vehicle engine and the type of 
pollutants emined by the engine. Emissions data may be verified by checking to see if 
inordinately high or low concentrations for one or more comoonents has been registered bv 
che R.SD. 

The components displayed may depend on ihe requirements of a user. For example, a 
state law may limit the amount of NOx that may be emined from a vehicle. Emissions data 
may then display the amount of NOx emined from a vehicle. Thrconcentiations of other 
components may also be displayed for various purposes including determination of other 
emissions violations, determination of the reliafailit>- of the data and determination of the 
vehicle operating temperature. Record selection can be performed using any or all of this 
data. For example, it is possible to select only vehicles which have violated emissions 
standards for iurther processing if the data is being used for law enforcement purposes. Other 
Verification functions may also be included in the tag editor of the present invention. 

License Plate Tvpe Functions 

License Plate Type functions allow identification and categorization of vehicles based 
on a varietv' of license plate types and/or categories of license plate data. One such function 
may allow the type of Ucense plate of a vehicle to be identified. In one example, a vehicle 
may be identified as having no license plate, an unreadable license plale, an obscured license 
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Other designacions of license plate [>-pe include federal or state government vehicle 
and enviropjnental license plates, electric, hybrid-electric, or natural gas powered 

vehicles. In some jurisdictions, ceaain vehicles, such as government vehicles or 
environmental vehicles, may be exempt from emissions standards. This function may prevent 
these vehicles from inadvenemly being issued a citation and/or being included in a statistical 
analysis of data. 

Identif>'ing license -elate r>T)e5 may be useful beyond emission sensing. In one 
exam.ple, authorities may be aJened that vehicles wiih no license plates are on the roads. 
Additionally. identif>ing license plate types may allow for sun.'eys of such items as the 
percentage of out-of-state vehicles or the types of vehicles using Fpanicular road. Other 
types of information may also be provided based on designation of license plate types. 

As illustrated in Fig. 3b. a user may view image display 132 and determine what 
license plate type should be designated for each license plate record. Typically this will be 
done by selecting from a list of predetennined license plate categories presented in a pull 
down menu or a similar user interface. An "Unreadable", license plate type may be designated 
when a license plate is unreadable. In a preferred embodiment, a dialog box appears when an 
"Unreadable" type license plate is designated. Additional designations may be presented in 
this dialog box to allow an operator to clarify- why a license plate is unreadable. Tliese 
additional designations may include an indication that a trailer hitch is obstructing the license 
plate, an indication that another object is obstructing the view of the license plate, an 
indication that a license plate is covered by mud or snow, an indication that the view of a 
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•urr>'. or giarea. or an irdicacion chac a: lease part of che license olac;: 



ouc oc v:ev/. a V3_,er.- oc designations may be used ^vich the system. I hese desisnation 



...ay be used to improve upon data gathering techniques by suggesting that adjustments are 
recuired to reduce the number ot' unj-eadable license plates. 

An "Out-of-State" license plate r>-pe designation m.ay be used when a vehicle has a 
license plate that is not issued by a predetermined state, in one embodiment, this license plate 
t>pe only applies only to cars and light inicks since, in many states, other t>pes of vehicles are 
subject to different emissions regulations. An operator may activate a ''Help" function to 
obtain the correct siaie abbreviation, thereby indicating in which state the vehicle is licensed. 
This t\pe of data is useful for either excluding out of state vehicles from law enforcement 
activities in a particular state or perhaps enforcing personal property and/or vehicle tax and 
irispection laws. 

If a trailer is picoired in image display 132 (Fig, 3b), a user may designate a license 
plate type as a '"irailer" type. This designation may assume that .a" vehicle and a trailer are 
ou-ned by the same person. In one embodiment of the invention, an operator may use the 
designation for a trailer license plate as a way to e.xclude the record from the database due to a 
lack of confidence about emissions readings for vehicles towing trailers. When making this 
designation, a user may indicate that cars and trucks being towed axe also considered trailers, 
In one embodiment, semi-trailers may have a separate designation, and v»-oiiId not be 
considered a ^Trailer" type licence plate. 

''Special plates" t>pe license plates may be designated by a user for unusual plates. 
Unusual plates may include affinity license plates (i.e, license plates with names or symbols 
of colleges or universities), dealer plates, license plates with a symbol identifying , the driver 
as disabled, environmental-type license plates, or license plates for vehicles owned by the 
Federal, State, or Local Government, embassies or the iMiliiaiy. In another embodiment of 
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Vehicle Tvpe Funcdons 

Vehicle T>pe funcdons allow [he idendncacion and caEegorizacion of various c\pes of 
venicles. One Vehicle Tv-pe function may involve indicaiing thac a vehicle is a motorcycle. 
Additional uinctions may indicate that a vehicle is a large vehicle, such as a construction 
vehicle, a tractor trailer, or a school bus, or that a vehicle is towing a trailer. Another function 
permits a vehicle to be ideniiiled as an environmental vehicle. 

Vehicle T>-pe functions permit designation of cenain vehicle t>pes to ser^*e as a basis 
for not issuing a warning or citation. It may be undesirable, tor example, to issue citations to 
environmental vehicles, or to school buses. Designanon of vehicle types may also allow 
information about various vehicles to be tabulated. In one example, emissions data of 
vehicles designated as semi trucks may be gathered. Tnis information may then be used by 
regulatory agencies and the ILke to determine if emissions standards are necessary for that 
paiticuJar type of vehicle. Non-emissions information may also be gathered. Identifying 
vehicle types may allow for sur\'eys of such items as the percentage of a certain type of 
vehicles using a particular road, ■ . : ■ 

An operator inay also designate a license plate as a "''No Vehicle'' tjpe. This may 
occur when, for example, construction equipment (/.e. bulldozers, e/c), bicycles, or 
pedestrians are pictured m image display 132 (Fig. 3b). Motorcycles, licensed mopeds, and 
the like may be designated as ^'Motorcycle" t\pe license plates. These designations are 
typically employed to exclude certain records from the processed database. 
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:e -:e>e-c i-venuoa ailo-s z usi- lo d[ct>re-:ia- becueen. a-d designee vehicles 
5-bjec: ;o e-issior^s cescing ird vehicles which are noc s-bjec- -.o emissions cesnng. 
exarr.pie. cer.ai- vehicles wich gross vehicle weigh-: racings grea;er chan a predecermined 
••veigh:. s-ich as semi-craccors and crailers. school buses, and che like may noc be subject lo 
emissions testing. .\n im.age display in a graphic user interface m.ay allow a user to 
appropriately determine which vehicle data records to edit, and which vehicles are not subject 
CO emissions testing and therefore can be excluded from the database. Other Vehicle Ty-oe 
•functions may also be included in the tag editor of the present invention. 
Help Functions 

A Help Function may inform a user how to penorm various flmctions associated with 
the i2g editor. One function may allow instructions regarding how to operate a specific 
function to be displayed. By way of illustration only, the flmction may be activated, thereby 
allo^sing a specific function for which help is desired to be indicated. Instructions reaardino 
the function indicated may be presented. Thus, instructions for a fiLiction may be received 
without accessing the panicular function. 

Another function may allow receipt of instructions regarding the operation of a 
function being used at the time. Thus, by way of iliusrraiion only, a specific function to be 
used is activated. A Help function may then be activated to provide instructions regarding the 
previously activated function. Thus, a user may receive instructions for a particular function. 

A "Help'' function may provide assistance to an operator in navigating the tag edit 
system, or any other usefUl Liformation about the system and its functions that may be needed 
to operate the system and take full advantage of its capabilities. Other Help functions may be 
included in the tag editor of the present invention. 
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D2:ib2se -anipula^iori rj.-ccions are high level cur.ccioni •.■.hich ailo'.v "he ca;abase 
: CO rr.ociry :he various ocher cunccions or co add. ren-^ove or alier designatioai or 
cacegories associated u-ith other runciions. For example, r.evv license plate c>pes can be 
added, difiereat emissions data validation criteria can be iapiined or vehicle c\pes mav be 
altered. These functions permit customization of the database to specitic situations in which 
the database will be employed. 

.A.txer activating the tag edit t"unction, a user may locate Lhe directory containina the 
data to be edited. In one embodiment of the invention, the operator locates a JA2® drive, as 
developed by Iomega®, and ihe desired directory of data. In another embodiment, a user may 
locate an appropriate ner\vorl< area to access the desired data. Oiher conventional methods of 
accessing data for the tag edit function may also be used. 

A user may perform tag editing by entering license plate numbers of vehicles from 
photographs of such license plates taken by an RSD unit. .Alternatively, a user may simply 
verif>' a license plate number assigned to a photograph of the license plate by an optical 
character reader and edit the number, as necessary. Various aspects of a license plate record 
may be displayed to allow the user to manipulate a variety of information contained in the 
record. A user may be presented v.ith emissions data, vehicle speed, an image of a vehicle, 
vehicle acceleration information, dates, and times of measurements, etc. In one embodiment, 
as illustrated in Fig. 3b, a user may be presented with a graphic user interface 130 for entering 
license plate numbers and other relevant data. Graphic user interface 130 may contain an 
image display 132 and various ponions of a. license plate record, thereby allowing an operator 
to manipulate the information contained in the record. Graphic user interface 130 may also 
display date/time information 134, such as the date and time when the vehicle passed the 
RSD unit. Vehicle data 136 and ernissions data 148 rnay also be displayed to a iiser. 



License pia:e encr/ 142 rr.zy capcure 2 licer^se place -urr-be: by use oi: an ALPR 
provided ^virV. for exampie. an optical characcer recogr:icior: device. The license p[a:e 
nur::ber of :he vehicle may be displayed, if a license p!a:e number is incorrec-. an operacor 
may edic che license place numfoer based on image display i32. Editing may occur by 
: com.paring image display 132 uich a license place number displayed in license place entrv- 142. 

License place enir)- 142 m.ay also include an icon to confirm, and'or save, all changes- made 
regarding license plate entry 142, Optionally, the user may also designate a. plate type 140 
based on the license plate in image display 132. In one preferred embodiment, an image 
display 132 may be of the rear of a vehicle, to allow an operator to view che rear license plate 
!0 or che vehicle. Tool bar 146 allows a user to save or print various data displayed on graphic 

user mtenace 140. Other standard t>pes of user functions may also be included in tool bar 
146, as desired. 

A graphic user mtenace 130 may include record data 144, which may indicate the 
record number tor a panicular license plate record, as well as the total'number of records in a 
i i panicular file or directory. Record data 144 may allow a user to quit editing in the middle of 

a data file and begin again in the place where the user left off or may be used in a variety of 
data analysis functions as explained below, 

A user may adjust the image display in the graphic user interface. In one embodiment 
of the invention, a user may be able to double an image size, or halve an image size, A zoom 
20 function may be provided which allows a user to zoom-in or zoom-out on an image by a 

desired factor to aid in the identification of a vehicle or the recognition of a license plate 
number. 

Fig. 3c is._a block diagram of a tag edit system 250 of one embodiment of the 
inventioiL An RSD 152 gathers vehicle emissions data. Such data may include a variety of 
25 different types of data such as machine readable code, textual data and dighal image data. 



Da- :5 >e-. :o 3 processor rr^eans 154 v[z an ir;puc -ei-s 155. The S^r^ccion onnpu: means 
; 55 ;< ■r-r\scer da:a ob-ainec by 2 remoce vehicle emissions de:ec:or co a processina means 
i 54 :br daca processing, in one embodiment ofche invention wherein the emissions detection 
is per^>m-ed at a location remote rVom the data processing location, input means 156 may 
include an optical storage disk or a magnetic storage disk. In another embodiment of the 
invention v/herein direct connection from the device to the processor means 154 is desired, 
tlber optic cables may allow direct input of data from an RSD 152 to processor means 154. 
Other conventional input means 156 may be used. 

.A user may process data and enter various informaiion using user mtenace 162. User 
interface 162 may include a panicular screen display or set of screen displays and a keyboard, 
touch pad, or mouse, for example. Other user interface means may also be used such as light 
pens, touch screens. handv.Titing readers, etc. Data may be stored in data storage 84. Storage 
of daia may occur at any lime during the editbg process. Data may be viewed by a user on a 
display device 15S, or by printing data on printer 160. Other conventional means for viewing 
data m.ay also be used. 

Data Processing and Validation 

As shown in Fig. 1. ^^Data Review^' occurs at step 38. Data review may comprise 
checking data to ensure validity or accuracy. According to one embodiment, accuracy checks 
may be performed on all emission data to ensure that predetemiined quality assurance levels 
are met Data that does not meet the predetermined qualit>- assurance levels may be flagged 
or removed. Data may be imported into a database, such as Microsofx Access®, to allow 
consistent review and manipulation of data. Other suitable methods of reviewing data may 
also be used. 

In a preferred embodiment of the invention, only validated data is output to a user. In 
one embodiment, an RSD contains diagnostic equipment to assure that vehicle emissions data 
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r.-.ee.:< ore -ecerrr.ir.e" ruaiiry BSS-rHr.ce criceria. in sr.oche: tcxood\:v.tn:_ ^SD calibr^cion d2ca 
be e~pio;.ec co viiida:; caca. D-ca -ay :hen 3:50 be revieued co ensure chac 3 cert-ia 
"inin;:-; amounc ofreiiable daci is oresenc. For example, if ambienc condicions change prior 
:o -icqv.isidon of certain daca. such daca can be labeled invalid. Alcemauvely. a review of data 
collccced in a specific dme frame may reveal unreliable data based on certain criteria which 
can be applied to ensure that the data collection apparatus is functioning properly at all times, 
invalid data may be output for diagnostic purposes. 

In order to ensure the accuracy of RSD readings, an RSD may be initially calibrated 
against known concencrations of CO. CO,. HC" and NO, (No, refers to one or more 
compounds including at least NO and NO,), and/or under knou-n atmospheric conditions. 
Wnen there is no vehicle emission in the path, such as during calibration, the detector array 
produces an electrical signal. However, if one or more of CO. CO,. HC. NO,, or other aas is 
present in the vehicle emission plume, it will absorb a ponion of the radiant energy having 
cenain characteristic wavelengihs indicative of each species. Thus, 'an absorption electrical 
signal is generated by the detector array. The electrical signals produced by the detector array 
may be responsive to radiant energy of each characteristic wavelength and are proponionaj to 
the concentration of each detected species of the vehicle's emission. 

Emission results are obtained by computing the ratios of one or more of the NO,, CO, 
CO,, and HC voltages (I) to reference voltages (lo) and rescaling these arbitrary units into 
calibrated NO,, CO. CO.. HC and H,0 values with the use of calibration curves determined 
in a laboratory utili^g special flow cells fed with controlled mi.xtures of known 
concentrations of NO,. CO, CO,. HC and H,0. Computation may be done by a computer to 
obtain the concentrations of the various components of the emission. 

In calculating concentrations of the various components of the exhaust gas, a 
computer may employ an algorithm which is a function of correction factors assigned to 
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eieccri:^: properties, 5uch as ^he response vfc;.'. -oise. decec:i^ [:y. n^d •;n::e Qor.s:2s.:. Ko^vever. 
:he5^ p2ran-e:er5 z\zy V2r>' zs condicions change. :hereby in;^uencin2 che vabd^ of a de-eccor's 
corrtz'Aoa raccor. Correccioa faccors will normally van,- during a daily 'est cvcie. Correciion 
: :ac:ors may be aftecced by optical path length, a change in background CO: de-eccor drin 

due CO cem.peracure and ocher condiiions. However, if che ces-ing path lengxh is changed or the 
syscem realigned, then a new calibration may be performed in order to update correction 
factors. Altemacively. if the detector voltages drift due to temperature changes or chanaes in 
background CO:, an alarm may indicate the need to perform a mandator>' calibration. 
\n -'^ Detectors may be calibrated by exposing one or more detectors to light from a light 

fin 

[Z source. This step may be p^ormed by directing Lhe beam of light to the detector through a 

Zl saxnple gas of known concentration and then a lieht rllter, or this steo mav be t?enormed bv 

. ^'^y oih^r method which is well-knowTi in the an. Once the beam of radiation encounters a 

W detector, a measurement of the detector's response to the radiation is performed. A detector's 

J2 response to the radiation may be indicative of certain parameters of the detector. These 

parameters, which will be discussed below, determine the detector's overall performance. 

In order to calculate a correction factor for each detector, a comparison may be 
performed between predetermined reference responses to knoun concentiaiions of a 
particular emission component and a detector's measured response during the calibration 
20 process. The reference responses for components generally found within a vehicle's emission 

have been previously determined in laboratory experiments. 

A detector's correction factor may be calculated by determining a factor which 
normalizes the present detector's response based on the reference response. Typically, 
several reference gas samples are detected during calibration in order to insure an accurate 
25 calculation of the correction factor. Based on these samples, a system may graph data and 
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2-.c'.:i2:e 2 cc.-. ec:ion C2c:or v.-;-.:- .rp.oi". accurzcei;-' co~.rer.?r::e$ for ?. ois-ticulir decec'o''5 
Jsronse in comp-risoa co -he exoecced recerence response. The correccion caccor m-v be 
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o be 2a in.ceger. 2 slope ofa line, ifche dececcor response cur/e is linear, or as an 



algebraic njnccion for non-linear dececior responses. 

Once a correction factor has been determined for an initial detector, the entire process 
IS repeated for each detector, to determine correction factors for each of the system's 
remaining detectors. Funhermore. the method of anaining the correction factors may be 
repeated for each detector a plurali:>' of times under different conditions to ensure the 
reiiabilir\- of such correction factors. 

Some embodiments of the invention may implement an algorithm to ensure that 
emission data is collected while the RSD is properly calibrated. The algorithm may be used 
to verify- that cenain detector signals are within an expected range for a properly calibrated 
device. For example, an algorithm may be used to compare the detector signals fVom a 
reference detector channel and a CO. detector channel. Tne algonthm may verify that the 
ratio of these detector signals remains constant v^nihin a predetermined range. If the ratio falls 
outside the predetermined range, the algorithm may cause a signal indicating an "un- 
calibrated" condition and enable the RSD to implement appropriate procedures, such as 
flagging the data collected, implementing re-caJibiation procedures, or other remedial 
procedures. The output of one or more of the detector channels may be used for the ratio. 
For example, the CO detector channel output may be part of the ratio. In one embodiment, 
data for each component or all components may be labeled invalid unless at least 10 of 50 
plume sample deflections for CO. are bet^veen -0.25 and 12; at least 10 of 50 plume sample 
deflections for CO. are greater than -0.25; and/or at least 5 of 50 sample deflections for one or 
more hydrocarbons are greater than -0.05. 
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0:her enibodLmencs include algoricKms :o verir/ chac sysceir^ cpcical componeacs are in 
p:op^: aiigruT^eac, For exaniple. embodiments ofche invencion ~ay include an alsorichm chac 
recalls scored values chac indicace a range of dececcor oucpuc voltages -hat iadicace thac che 
de--.-ice is in aligfLnnen*.. The algori-.hm may veriry- chac chese predetermined voltaee levels are 
5 achieved before an indication of proper alignment is indicated. For example, a "leveled'^ or 

aligned voltage reference channel value of 5.5 volts may be see as the predetermined 
aiigrment value. In some embodiments, a range of acceotable aliened voltage readin'^s mav 
be \v.-ithin ± 0.3 volts of the predetermined (5.5 volt) level. Alternatively, a reference voltage 
level of bet\veen four (4) and 9.5 volts may be required before the RSD is indicated as 
iO properly aligned. 

In another embodiment of the invention, data may be flagged to distinguish validated 
data from other data. Data may also be flagged as valid, invalid, or suspecL An RSD may 
require a minimum amount of vehicle emission plume for components to be measured. If an 
insufficient emission plume occurs, the resulting data may. be designated as invalid or suspect 
or may be separately designated as not having enough emissions to perform the measurements 
and thereby create vehicle emission data. To sufficiently establish a slope (target 
emission/CCb) from a plume, it is generally desirable to have a predetemiincd number of 
measurements over a predetermined intePr-al of time. Overall plume strength can be 
determined by observing the amount of CCK in an exhaust plume. This measure of strength is 
20 possible because CO2 is the most plentiful of all exhaust gases. If a plume deteriorates in less 

than a desired amount of lime, for example, measurements for that plume may be labelled 
invalid. To make this determination, the total number of measurements may be divided into 
tv,-o or more duty .cycles of half (or some other fraction) of the predetermined interval (e.^.. 
for a half second interval two duty cycles of one quarter second each). The CCh 
25 measurements in the second duty cycle may then be monitored to determine whether there are 
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;er o-: rr.iasure~ea:5 abc- e a p:ede:enn'.aed level in cvc! 



cvcie :or 2 5ui:iC! 



One erabodimer..; of -the invention i-.plerr.encs che following algorichm co dete.-nine if 
5u:::c:en. exhausc p!u.-ne is present. The algorithm finds the ••cleanest" air. either in the 
period just before or just aner the detected presence of a vehicle, and compares {ht CO^ 
detector channel readings tor that "clean" air uith the CO: values for the "diniest" air. .As 
described herein, "clean" and "dirty" refer to the relative absorption detector signal strengths 
for COv Tne algorithm then verifies that a certain number of CO: detector readings exceed a 
predetermined CO2 threshold before the e.xhaust plume is considered sufficient. For example, 
the algorithm may verify that eight (8) readings of greater than 0.5% CO. occurred in the first 
250ms and four (4) readmgs above 0.2% CO. occurred in the last 250ms of a selected 500ms 
dun.- cycle. Some embodiments of the invention enable the number of readings, percent 
concenu-aiions, and/or data interval to be changed according to user inpuL For example, an 
RSD set up in an area of relatively fast moving vehicles may Vet the sufficient plume 
algorithm to verify- that five (5) readings of 0.4% CO. occur within the first 250ms of a 500ms 
dut>- cycle, and readings in the second 250ms are not checked because, for fast moving 
vehicles, most of the plume will have dissipated by then. Another sufficient plume algorithm 
may be to simply verify that at least five (5) readings of 0.2%-0.5% CO2 occur sometime in a 
500ms data interval. Alternatively, a sufficient plume algorithm may take a sum of CO, CCh, 
and HC (e.^., as propane) detector readings and verify- that it exceeds a predetermined amount 
a predetermined number of times. Such an algorithm does not bias against measuring a 
plume for any vehicle regardless of its pollutant emissions. 

According to an embodiment of the invention, a best fit (or other) curve plotting 
algorithm may be applied to plot the measurements on a graph with the X coordinate being 
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:he CO: meiiure-enc and che V coorcinice being :he -ess-emenc anocher eniission o: 
i-ce-esc. 5uch 25 CO. KC or N'O,. for ex2.Tio!e. 

.^j^.ochsr 5:ep in che plurr.e v-\\c2ilon may \:\z[udt pertb-rming a scaciscical analysis co 
aeceimtne Siiauscica! outliers. .According co one e-sbodimenc. if an individual measuremenc 
■"or the emission being plotted (on the Y-axis) is more than a predetermined amount or 
percentage away from the best fit line (or other curv.e), that measuremenc may be discarded. 
For e.xample. if the Y-axis value or" a measured data point is more than 10% above (or below) 
a best fit line, that measurement may be discarded. .Additionally or alternatively, a 
measurement may be discarded if it is greater Lhan a predetermined maximum value. For 
e.xample, the maximum value may be established as the lesser of 10% or the ratio of the 
maximum digitizer noise to-the largest measurement in the group, or some other value. In 
some embodiments other algorithms may be provided to e.xclude inordinately high or low 
data readings. For example, data may be excluded based upon raw detector values for various 
emission constituents. One embodiment of such an algorithm may" exclude data for a CO 
detector reading of less than -1% or greater than 21%. HC detector readings of less than - 
lOOOppm or greater lhan 40,000ppm, and/or NO detector readings of less than -700ppm or 
greater than 7000ppm. Data values beyond these or other predetermined ranges are 
considered meaningless and are processed accordingly. The aJgorithm may be tailored to 
respond differently for the various outlying values. For example, if the CO reading is out of 
range, all of the recorded data channels (e.g.. CO,. HC, CO. NO;,, ere.) may be recorded as 
invalid, or otherv.-ise discarded. Alternatively, if the HC reading is out of range only the HC 
data may be recorded as invalid, or otherwise discarded. Other responses are also possible. 

Other embodiments include algorithms to check the apparent noise on the slope of the 
ratio of the various emissions constinients. For example, an error on the CO/CO2 slope 
equivalent to ±20% for %C0 greater than 1.0. and a slope of =0 ^o/o for %CO less than 1.0; 
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an enror on che slope of HC/CO: equivalen: -o =20'li cb: HC greirer chan 2500ppm or 
equivaien: :o 500ppm iib: HC less chan 2500ppm: or an error on che NO^^OZ slooe equivalenc 
•:o =20'Vo cor NO greacer chan i iOOpp- or equivaienc co jOOppm for NO less than I500ppm. 
•n-iay be a reason *.o determine a reading is invalid or should be discarded. 

According to one aspect of the invention, rather than simply invalidating or marking 
such a plume as suspect, a pjaher step may be performed. Tnat step involves determining if 
ac least a second source of emissions may be present. The existence of a second source (if not 
identified as such) may cause an existing system to invalidate or flag as suspect a panicular 
plume. According to this aspect of the present invention, the existence of a second source of 
emissions (e.^., from another vehicle or nearby building) may be determined. Other criterion 
r^or valid, suspect, and invalid data m.ay also be used. One embodiment may implement an 
algorithm to verify that the ratio of measured pollutant to CO: must be constant for the source 
of emissions to be considered singular and valid. Other embodiments may evaluate whether a 
second peak in the detector reading of a pollutant (e.^.. HC) is apparem for a single peak in a 
CO2 detector reading. That second peak may be indicative of a second source of emissions. 
Other algoritiims are possible. 

A flag may also indicate that certain critical data is missing or that certain data has 
been determined to be unreliable. According to an embodiment of the invention, the speed 
and acceleration of a vehicle are recorded. Flags may be used to indicate if speed and 
acceleration data are suspect, or not within predetemiined ranges. For example, speed data 
greater than lOOmph or less than 5mph, and acceleration data greater than 14 mph/s or less 
than -13mph/s may be considered invalid. Alternatively, speed values greater than 75mph or 
less than Omph may be flagged. Some embodiments of the invention may include an 
algorithm to detemiine if the proper sequence of speed and acceleration data recording is 
achieved. For example, in an embodiment of the RSD using light detectors to measure the 
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<reec •oceieraclon d--. che daca may be considered viiid ic a; lease :^vo blocks and uablocks 
o;"che --e bu:-:>- occur, aii biocks occur becbre che uabiocks oa each sensor, and -he nuniber 
o;- blocks equal che aur^btc of unblocks for each sensor. Ocher aigonfams are possible. 

.According co an embodiment, emission data may not achieve the proper purpose if a 
car is idling, driving below a predetermined speed, or sharply accelerating or decelerating. 
For e.'vample, a jurisdiction may wish to penalize vehicles that emit pollutants over a cenain 
level, [f the RSD records a high poltutanc level (e.g., HC or CO) the speed/acceleration data 
should also be checked before any citation is issued. Tnis is beca-ose an other%vise compliant 
vehicle may record high HC values when decelerating or high CO values when accelerating, 
and a citation should not be issued until it can be verified that uhe vehicle unacceptably 
pollutes under normal engine load. Tnus, embodiments of the invention include algorithms to 
perform such checks. Some embodiments include algorithms to measure the engine load, as a 
flmction of road slope, speed and acceleration, in order to give a more accurate indication of 
engine operation state. , . ' 

Flags may also be used to indicate the status of license plate data. Other methods of 
designating data as being in a panicular category may also be used. 

Data reliability may also be verified during the data validation process. For example, 
data including aberrant readings may be discarded as unreliable. Alternatively, poor image 
data, the vehicle engine not being sufficiently v.-armed up or an atmospheric disturbance 
caused by v^ind, dust, smo.ke or pollen may result in unreliable data. For example, some 
embodiments may include an algorithm to determine if too much road dust or other 
particulate maner is present. Such algorithms may, for example, look at each 10ms data point 
to see if the reference voltage has moved farther av.-ay from a predetermined average. vaJue, in 
which case the data may be invalid or othenvise discarded as containing too much particulate 
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U:-e: a:^orur_..5 exisc co handle opcica[iy op^ique exh^us- oiu^es. such 2S chose :*:or:; 



Di^i Processing 

As liluscraced in che tlowchar. of Fig, L '"Place \(2-:ching" is preferably iniciaced in 
: s:ep 40, since it may be undesirable to carry oui plate maechins at an earlier scase. because 

cna: n^ay involve unnecessary plate macching operacions for invalid or suspeci data. Data 
v^hich has been edited may be received as shou-n in Fig. 4 at step 80. The data may be 
matched with various information about a vehicle. According to an embodiment of the 
invention, license plate data may be matched with^ motor vehicle registration records which 
!0 may be obtained from a State depanment of motor vehicles. Other information, such as 

.5La.ndard em.ission data for a panicular vehicle r>-pe, may also be matched w-ith data. This is 
shown at step 82. 

At step 84, a summary report is provided. According to an embodiment of the 
mvention, a summary report of matches and non-matches between 'license plate data and 

:f m.oior vehicle registration records may be provided. Reasons and panems for non-matches 

may be identified in step 86. According to an embodiment of the invention, reasons and 
panems for non-matches may be identified based on summan.' reports. 

As noted previously in regard to Fig. 1, step 42 involves sending data to clients. Data 
may be sent by a variety of methods, including electronically, such as via an internet 

20 connection, physically, such as on a paper copy or a storage medium, such as a magnetic or 

optical computer disk, or other methods. Figure 5 illustrates a flowchan for sending 
processed data to a client according to an embodiment of the invention. At step 90. an output 
file or files is created. Tne file may be created to meet the formardng specifications of the 
chenL Tnus, according to an embodiment of the invention, an output file may be formaned to 



riiio'.v che :15e :o dispiayed on a compucer rising 2 v.'-indo^vs oro^ram. Ocher cbrmacs mzv 
ai^o re used. 

The co":enC5 of a fiiefs) are verified ac 5-ep 92. According :o an enibodimenc of che 
invention. veri:lcacioa of a file may occur by viewing records randomly. Ac step 94. a file(5) 
15 v.rl-en onco che appropriate medium. .According co an embodim:enc of the invention, a file 
m:ay be v.Tirten to an optical disk. According to another em.bodim.ent of the invention, a file 
may be wriaen in an electronic format, and sent electronically, such as by e-mail or an 
internet copjiection. Other mediums or formats may also be used, 

A file(s) is transmiued at step 96. Files may be trarxsmined elecironically or 
physically, such as by sending paper copies of the data, or by sending a physical storage 
medium upon which the filefs) may be wTiuen. Other methods of L-ansmining a rile(s) may 
also be used. According to an embodirhent of the invention, appropriate personnel may be 
notified that a file(s) was made and sent. Notification may include indicating the contents of 
the file, the medium to which the file v.-as wriuen, and other appropriate information. 

.As noted previously in regards to Fig. I, ''Data .ArchivaP occurs at step 44. 
.According to an embodiment, once data processing and review has been performed, data may 
be moved xo an archive area for permanent storage. In a preferred embodiment, data located 
in an archive area is saved to a mass storage device, such as a compact disk (CD), magnetic 
tapes, or other such storage device wiiich does not form part of the data processing and 
validadon network. Storage of data in this manner allows for data processing netv.-orks which 
require less memory, and therefore reduced neus-ork cost. Storage also increases protection of 
data &om data loss due to netv.-ork problems. 

.According. to an embodiment of the invention, raw data and final edited data may be 
stored Raw data may be data received directly fi-om an RSD, while final edited data may 
comprise data that has been handled, e.g., processed, validated and/or reviewed. Stored data 
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~iy be cro5S-re:ereaced -o allo'-v for recnevi! of ^ppr^pr.zti c=-.h. Various daca rr.av be 
aise— biea in e'.eccror.ic ;orm onco a jpecif-ec icorage — ediu— or da-.a mav be in oacer coov 
CO— and -ay be asser-bied in a s-or-ge area, such as a OAi roorr.. O^her maoners of 
as5en:^.bi!ng daca may also be used. Figure 6 illuscraces a raechod for archival of data 
according to an embodin-ten-. of the invention. R.a'.v daca is asserr.bled at step 100. Raw data 
snciudes emissions data, image data, license place data, and other data received from an RSD. 
Raw daca may comprise any data which has not been handled or validated. Final edited data 
is assembled at step 102. Final edited data may include data which has been handled or 
validated. Other final data may also be assembled.' Submined data is assembled at step 104, 
and may include leners used to transmit documents, or other daca. 

File references for various assembled data are added at step 106. File references may- 
be added to indexes to allow for cross-reference purposes. .According to an embodiment of 
the invention, a file reference for raw data, fmaJ edited data, and submined data may be added 
to individual indexes, v.-ith cross-references, where the inde.\es-axV located on a computer 
database. Other indexes may also be used. 

License plate data associated \s-ith a panicular RSD is added for cross-reference 
purposes at step 108. License plate data may also be associated v,-iih a date or time of test. 
.According to an embodiment of the invention, license plate data associated with a remote 
sensing device, a date, and a time are added to a master database. 

Various data is written to an appropriate storage medium at step 110. According to an 
embodiment of the invention, storage redundancy may be provided at a location remote &om 
processing, thereby allowing data to be appropriately secured. .An appropriate storage 
medium may comprise an optical storage disk, a magnetic storage disk or other storage 
medium. 



A: s;ep I I 2. appropriace invencories or-i-de\e5. bo;h on-si-e 2nd ofr-sice. are uodared 
:o a:-0'-;.-: cbr new daca scorage. Updacing <:orage inventories or indexes -ay include 
upcacmg a database which indica-es (he scorage of various daca. Ocher updating may also be 
use.;. 

.A user may elect to provide a customized data output, (n an em.bodim.ent of the 
invention, selected image data may be used to paste a video image from a vehicle emissions 
test into a document (such as a summons or warning for law enforcement purposes). To 
accomplish this, a video extraction function is performed at step 120. as shovMi in Fig. 7. In a 
preferred embodiment, an individual video image miay be extracted from a JPEG compressed 
video capture file. A user selects desired image data to be extracted at step 122, and selects a 
destination at step 124 for the s.xtracted data. A user may also select an image identificauon 
number at step 126. Image identification numbers may correspond 10 vehicle sequence 
numbers e.g.. the order in which vehicle records occur. Use of image identification numbers 
allows a user to avoid inadvertently extracting an incorrect image.- Abuser extracts image data 
at extraction step 128. Other video extraction functions may also be used. In one 
embodiment, an image data extraction function may be mcluded in archive files, such as 
compact disk archives, thereby allowing compact disks to be self-contained. This is indicated 
at step 130. ^ 

An advantage of the data processbg and validation system is that it permits the 
production of a customized output depending upon the needs of a particular user of the 
system. For example, as mentioned above, a s>-stem can be used to generate warnings and/or 
citations for use by law enforcement agencies. A variety of other customized data outputs are 
possible as well. . Another use for this function is to generate a statistical analysis of data 
based only on validated data records. Another variation permits the identification and 
notification of aU vehicles which appear to have inoperative pollution control systems. 
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0\::z':.', ~\?.y ce se-ec^ed basei on license pi^ce c>pe co prov-de reDor:i co ^overrvnenc a-^ericies 
'^ziTZ.r.z cne er;:iS5-oa5 o: -.'ehicies :a cheir vehicle fieecs. A ^*a"iec\' oc'ocher 2Doiic2- io::s *A'i!' 
be apcarenc co a oersoa skiiied \r, che 2^:. 

A da-a processing "2r:n2en::ea'. program 140 iilus'.raced in Fig. S. allows managemenc 
Oi'che ca=a. In one ennbodinnenc. a format log 142 may be generated co track the availabilicv of 
disks for data collection. A format log 142 may include information about the date a disk was 
used, the formaaing of a disk, and the stams of a disk. Other information may also be 
included in the format log 142. 

In another embodiment of ihe invention, a disk distribution log 144 may be generated. 
A disk distribution log 144 may include information about ihe date a disk was supplied to a 
data handler, the name of the data handler, and the number of disks sent lo that data handler. 
Other information may also be included in a disk distribution log 144. A disk distribution log 
144 may permit bener data processing management by allovsing disks to be disiributed more 
efficiently. Also, the location of disks can be tracked using the dislT distribution los 144 to 
thereby verify* the chain of custody for data used for law enforcement purposes. 

Data processing and validation may also involve generating an assignment log 146. In 
one embodinnent of the invention, an assignment log 146 may include information regarding 
the directory in which the data file can be found, the identification number of a file, the 
number of records in a file, the date the file vi^s assigned, the date processing u-as finished on 
the file, the time taken to process the file, and any comments regarding the file. Other 
information, including who processed the file, statistics regarding the file processing, and the 
processing station number, may also be included in the assignment log 146. An assimment 
log 146 may allow bener data processing management by tracking data processing and 
validation. 
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I" 2-o:her ea:bodi:T^e-c o:* che inven-ion. di'2 processing and vaiidsdori mav include 
ge-e:a:;ng an audi: [02 [43. a-dic iog [4S may inciude incb— acioa abouc an audicor's 
nan-e. che da:a processor's name, ■he dace of che audi:, che number oc" records reviewed, che 
nunv::er ot accurace records, che accuracy percen;age. sugges-.ioas for improving accuracy, and 
•he '.im.e -o improve accuracy. Other informacion. includine the file audited and che dace the 
data processor completed the file m.ay also be included in che audit log 14S. An audit I02 US 
miay permit increased accuracy of data processing and validation by providing quality control 
intormation which can be used to implement corrective measures. 

Data processing and validation may also irivolve generating a file form 150. A file 
form 150 m.ay include mfonmation regarding statistics for record processing. In one 
embodiment of the inventiOT, a file form 150 may include the date processing occurred, the 
staning and ending record, the number of records processed, the stan and end lime, and the 
amount of time spent processing. Other information may include the name of the user and 
station wriere the processing occurred, as well as the number of-recofds processed per hour. 
In one embodiment of the invention, comments may be included in a file form 150. 
Comments may include notes regarding the processing and/or characteristics of the images, or 
problems \>.-ith a particular processing station. Other information may also be included in the 
file form 150. A file form 150 permits improved data processing by providing productivity 
data, prevenung duplication of data processing and validadon and identifying problem areas. 

.According to an embodiment of the invention, RSD components may be checked to 
ensure an RSD is properly functioning. Calibration of an RSD may occur. Other components 
may be checked to ensure the accuracy of an RSD. .According to an embodiment of the 
invention, an RSD.may have a light source, a mirror(s), and a sensor(5). These components 
may be checked to ensure they are functioning and that there is proper alignment. Checking 
components may comprise RSD diagnostic equipment checking components or having a 
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:\:n:::oning properly. Compoaencs co be checked ma>- include, bu: are no: ii"i-ed co. an RSD 
processor, an ALR. and an RSD memory. O-.her componencs may be checked and ocher 
manners of checking RSD com.ponen-s m.ay also be used. 

To ensure thai a-n RSD is funciioning properly, ic may be necessarv lo have a 
cescnpcion o: che RSD locadon and any significanc events or activicies that have occurred 
around or near an RSD. According to an embodiment of the invention, an RSD location 
description may be necessary. A location description may include the address where an RSD 
is located, the ivpe of road the RSD is located on/ and the surrounding physical structures. 
For example, an RSD may be located in an extremely enclosed area. Such an area, under 
cenain conditions, may result in vehicle emissions accumulating. Tnis accumulation may 
lead to questionable results. 

According to an embodiment of the invention, significant activity near the RSD may 
be described. Significant events may include construction occurring on the road, painting 
occurring nearby, maliunctioning intersection stoplights or other events. These events may 
result in inaccurate data. For example, fumes &om painting may interfere with detection, as 
may dust and dirt from construction work or fumes from construction materials, A 
malfunctioning stoplight may result in backed up cars and mixing emissions from \-arious 
vehicles. Other activities may also effect data gathered by an RSD. 

According to an embodiment of the invention, the weather and climate at the RSD 
location may be described. For example, a high pollen count may influence RSD data 
gathering. If an RSD is located, for example, in a city, high temperatures may result in ozone 
warnings. The high levels of ozone may effect data gathered. Other weather aspects may 
also influence an RSD. 
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Accori:ng co an ^rv.bod\rr.tn-: of the ir:^"e-::on. a:: acd\*i::es io:2 ma^■ be 'ierier2:ei :o 
-:o"::or and record che acdvides around ar^ RSD. Acavicies recorded -av include che 
description of an RSD [ocacion. u-a-her condicions around an RSD iocacion, and an%- ocher 
si'^n:f-can-. ac:ivicie5 thai occur around an RSD location. 

Daca processing and review may include recognizing paL'.em;5 of problems and 
suggescmg possible solutions. Data may be reviewed for accuracy, as noeed above, where 
inaccurate da:a may be deleted or excluded. According to an embodiment of the invention, if 
a predetermined amount of data is inaccurate for a given reason, a user may be alened. Data 
with a panicular problem may be compiled and flinher analv^ed. According to an 
embodiment of the invention, analysis may include separating data according to the RSD 
which gathered the data, accessing activity logs, separating data according to the data handler 
which processed the data, and other analysis. Suggestions for what is causing the problem 
may be made. 

For example, a predetermined amount of data may be considered inaccurate due to 
low overall readings at an RSD sensor. The data may be grouped according to the RSD 
which gathered the data and the data handler who processed the data. It may be determined 
that a particular data handler has processed a large ponion of the inaccurate data. The system 
may suggest that the data handler be retrained, or monitored more closely. It may be 
detennined that a particular RSD has gathered a large portion of the inaccurate data. Activity 
logs may be consulted to detemnine if any significant acti\iiies occurred at the RSD location. 
According to the present example, it may be noted that road construction occurred near an 
RSD location that gathered a large portion of inaccurate data. The syriem may suggest that 
dust and fiimes J&om the construction caused the inaccurate data. Other methods for 
determining problems and suggesting solutions may also be used. 
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:b: 2: 2;! cimes. paj-iicularly if enforcement is soLighc in coua. According to an embodiment of 
■he invention, an access tog m.ay be compiled for each file of records. An access \oo may 
compnse listing each person who accessed a file or record, the time of access, and the amount 
ot time accessed. Other information may also be included in an access log. Information from 
a data processing management program 140 may be used in connection with an access log. 

Funher, as noted previously, access to files and records may limited to ensure a proper 
chain of custody. According to an embodiment of the invention, a user identification and 
password may be required to access a rile or records. For example, to access a netv.-orl< via an 
internet service provider, a password or other conventional manner of security may be used. 
.A network may compile information on when a user entered the network, and trace the steps 
taken by the user while in the network. Other securir>- measures -may also be used at other 
points in the data processing and validation sequence. If files are sent physically, such as by 
magnetic or optical disk, a password may be needed to access the information. Other security 
may also be used. 

According to an embodiment of the invention, an RSD may gather appropriate data, 
and encode it with passv^-ord protection. The encoded data may be sent to data handlers. 
According to an embodiment of the invention, encoded data may be sent to a data handler 
while the password to the encoded data may be sent separately. Data handling, data review 
and plate matching may be performed on the data. Data may again be encoded if it is 
necessary to transfer data from one location to another. A new encoding may be used for the 
data, or a previous encoding may be used. Processed data may be sent to a client and may be 
archived. Data sent to a client may also be encoded for security. Other methods for securing 
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"jica T'.lso ce usee sucn 25 iimuing or p:e*.'en^in^ access che ceniin data or achieving z 
copy oc'rav.- d:i:a co ensure rhac no urauchorized changes ^ve:e made. An access io2 ma^- be 
gene:a:ed. An access log n:ay include an R5D idencicler. how che daca was encoded, who had 
che password, and v.-hen -he data was sea: co various users. O'.her informaeioa may also be 

Fig. 9 illustrates a block diagram of a da;a processing and validacion sysiem 200 of 
one embodim.eni of the invention. RSD 202 gachers emission data, image data, license plate 
data, and other data. Data is sent to processor 204 through input 206. Processor 204 
functions to process, handle, and direct data, as well as penorm other operations involved in 
data processing and validation. In one embodiment of the present invention, processor 204 
may comprise a standard -stand alone computer processing unit (CPU), In another 
embodiment of Lhe invention, a mainframe processing unit with a plurality of terminals for 
users may be used. Other conventional data processing may also be used. 

Input 206 may be used to input data, including vehicle em'issions data and vehicle 
Lmages, into a processor 204. In one embodiment of the invention, input may include an 
optical disk reader or a magnetic disk reader for retrievLng vehicle emissions data from optical 
storage disks or magnetic storage disks. In another embodiment of the invration, input 204 
may comprise a modem to input data. In a preferred embodiment of the invention, fiber optic 
or coaxial wire cables, or conventional telephone wires may be employed to input data to 
processor 204, Other inputs 206 may also be used. 

A user may process data and enter various criteria using a user interface 212. User 
interface 212 allows a user to interact with .data processed by processor 204. Interaction may 
include inputiing .user defined criteria, and editing data. User interface 212 may include a 
keyboard, a touch pad, a touch screen, a light pen and/or a mouse. Other user interfaces may 
also be used. Data may be stored in data storage 214. Storage of data may occur ai any time 




iu::~g -he edging process. Daca be vie'-ved by a user oa display 20S such as a monicor. 
or by princing da- 2 on princer 2 iO. 0;:her n:^eans lOr vie'^ing daca rr^ay also be used. 

The presene iav-encioa is suitable '.0 be employed in conjup.cdon v/ich a remote 
emission sensing device. Fig. !0 iiius'.races a schematic represencacion of components of an 
R5D in which the present invention m.ay be employed. Em.bodiments of the invention may 
include some or all of the various components as described below. 
Radiation Source 

Preferably, an RSD comprises a source of electromagnetic radiation 10 which may be 
used in the absorption spectroscopy measurement of various components of %'ehicle exhaust 
em.issions. Preferably, source 10 may comprise an infrared (IR) radiation source. Some 
embodiments of the RSD may include other T%pes of radiation sources, for example, an 
ultraviolet (JTV) source, a \nsible light source, or a combination of radiation sources. 
Radiation Detector 

The RSD may funher comprise a detector array 12 for' detecting radiation. The 
detector array 12 is preferably chosen to permit detection of electromagnetic radiation emined 
by the source 10. For example, detector array 12 may comprise a photodetector (e.g,, a 
photodiode), a photomultiplier tube (PMT), a spectrometer or any other suitable radiation 
detector. For example, a mercury cadmium telluride (Hg-Cd-Te) photodetector may be used 
to detect IR radiation. Other siiitable detectors or detector arrays 12 may also be used. 

According to an embodiment of the invention, the RSD may comprise a single 
detector with multiple filters instead of an array employing multiple detectors. The multiple 
flit ers may be moveable, such as spinning filters, to allow multiple components to be 
detected. In this manner, a single deteaor can be employed to detect a plurality of different 
exhaust components because each of the moveable filters is designed to allow only the 
wavelength band of interest for a particular exhaust component to pass to the detector. 




According CO another e-bodi-enc o: che invendo-. che RSD n;ay co-prise a speccromecer. or 

ocher Cf -ec- ing device v/hich uia>- be used ;o de^ecc more :h2- one comconen:. 

Recleccor 

Preferably^ the R5D may comprise a refieccor 14 mounced in a manner to allow 
radiacioa from the source 10 to be reflected to the detector array 12 for analvsis. The rerlector 
U m.ay comprise a m.irror, flat mirror, lateral transfer mirror (LTM). venical transfer mirror 
(VTM), retrotlector, or other device. In one embodiment the reflector 14 may comprise a 
lateral transfer mirror to reflect radiation from the source 10 along a path displaced laterally 
or venicaliy, depending on orientation, from the incident direction. 
Imaging Unit 

The RSD may include an imaging unit 16 to capture and^or record an image of a 
vehicle passing by , the RSD. The imaging unit 16 may be arranged to record an image of a 
vehicle at a specified location relative to the detection system. The imaging unit 16 may 
comprise, for example, a camera, such as a film, video or digitafcamera. Other imaging 
devices m.ay also be used. 

Preferably, the imaging unit 16 may record an Lmage of the vehicle identification tag 
{Le,, license plate). Tag information may be processed, using a suitable data processor, to 
provide additional information about the vehicle. For example. Motor Vehicle Department 
databases may be accessed to retrieve owner information, make, model type, model year and 
other information. In some embodiments, this additional information may be incorporated 
into the emission sensing data analysis. For example, the make and model year of the vehicle 
may be used to determine input information for certain processing steps, including 
information such as v.-hether the vehicle includes a carburetor or fuel injector, whether the car 
runs on diesel fuel or gasoline, e/c. 
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The R5D may also include n speed ar.d acce[e:2:ion dececciop. unic iS. Prece-biv. r. 
vehlcie's speed and'or acceleraciop. may be measurei as passes che R5D using speed 
de:ecciop. uni.; i S. For example, che speed and acceleradon dececiion unic IS m^ay comprise an 
a-angem.enc of laser beam.s or other lighc beam:S associated v. ich cim.ing circui-.r.". Accordins 
•:o an embodimenc of the invencion. the laser or light beams may be arransed to traverse the 
oath of a vehicle at various points. As a vehicle passes, it will cause interruptions in the laser 
or light beams. The times at which the beam interrupts occur may be used to calculate the 
vehicle's speed and/or acceleration. Other methods of determining vehicle speed and/or 
acceleration may also be used. 

According to another embodiment of the invention, the laser or light beams may be 
arranged to traverse the path of a vehicle at a single point in the vehicle's path. For example, 
radar systems may be used to determine vehicle speed and acceleration. Alternatively, 
transducers, piezoelectric elements, or other "drive over" detectors-r^Sy be placed at locations 
in -the roadway to monitor vehicle passage. Preferably, speed and/or acceleration data may be 
input into a data processing unit 22 to help characterize vehicle operating conditions (e.g., 
accelerating or decelerating) or to be used to determine which vehicle is to be associated with 
a panicular sensor measurement. Other uses of the speed and acceleration data are also 
possible. 




So~e emboci~eno of :h;? invencion may incor::o:2:e i :he— dececcion unic 20. 
?:e:"e:abiy. :he che — ai dececcioa unic 20 may comprise a non-concacc •nermomecer svscem. 
For example, an [R ".hermom.ecer may be used to opcically de-ecc che tem.peracure of remoce 
obieci:5. Ocher cemperacure defection systemiS may also be used. 

Preferably, ihe ihermal deteccioa unic 20 is used co detect the lemperacure of portions 
ot the vehicle passing through the RSD. Some embodiments may use direct sensing of the 
area of interest. For example, an IR thermometer may be aimed at the underside of a passing 
vehicle to detect the temperature(s) of vehicle components (e.g.. engine, cataKtic convener, 
muffler, etc.). Indirect sensing may also be used. For example, an IR thermometer may be 
aimed at the roadway to measure the heat of the passing vehicle which is reflected from the 
roadway surface. 

Preferably, the thermal information recorded by the thermal detection unit 20 may be 
used to indicate that the engine has just recently been rcaned (/.e..- iHe'engine is "cold" or has 
not reached normal operating temperature). Such a cold engine reading may be used, for 
example, to initiate an alternative data processing routine. Certain embodiments of the 
present invention may reduce the chance of a potentially misleading reading by also detecting 
the temperature of other ponions of the vehicle. Other uses for collected thermal Hpt;^ are also 
possible. 

Thermal detection unit 20 may comprise varioiis detection apparatus configurations. 
For example, two thermal detectors may be arranged to detect a vehicle traveling in a traffic 
lane. Preferably, the tv^'o thermal detectors .are positioned at points affording different angles 
of view at a passing vehicle. For example, the thermal detectors may be positioned near the 
locations of speed and acceleration detection imits (/.e., spaced with some distance between 
deteaors). Spatial separation of the thermal detectors and the differing angles of view 




ircren^e che Ukeiihood o: decec:iag :he cen^peracure oi :he areas o: incere>^ o~ che v-'ehicle 
:he e-gire. caca[;.-:c convener, ecc.) and also aftbrd a cinne sequence o': nneasLiremencs 
since ^he vehicle passes one decec^or. -hen ehe other ac a lacer -ime. [n some embodimencs. an 
addi-.ionai chermal de-eccor nnay be incorpora-ed inco che RSD. For example, an additional 
ihermal deieccor may be positioned ac a suitable location to detect the temperature of the front 
of the vehicle (e.g., the radiator or engine). For example, a thermal detector may be 
positioned at either side of a u-affic lane, ai a sufficient height to detect ihe front of the 
vehicle, or a detector may be embedded into the lane lo record a head-on view of an 
oncoming vehicle. 

Some embodiments of ihe invention may include arrays of thermal detectors to 
increase the likelihood of obtaining the desired temperature readings. For examole, in an 
embodiment incorporating an IR thermometer, an array of detection beams may be aimed at a 
vehicle. The array may span vertical and horizontal regions. Using such an array of detection 
beams allows the thermal detection unit 20 to detect the temperature of vehicles of varying 
size and shape. In addition, some of the beams in the array may be used to detect reflected 
heat off of the road surface of a lane. 

Usmg an array of detector beams may also provide greater precision in temperature 
measurements. Tie focal point of each detection beam in the array can be narrowed to detect 
the temperature of a small region of interest. In this manner, a more precise temperature 
reading for each point may be obtained. For example, a detector beam with a focal point four 
inches in diameter will take an average temperature over the whole four mch region v.ithin 
the focal point. If the region of interest happens to be a one inch exhaust pipe on a vehicle, 
the detector will average the temperature of the region of interest (z.e.. the pipe comprising 
one-fourth of the focal region) with objects outside of the region of interest (le., the other 
three fourths of the focal region). In contrast, an array of smaller focal point detector beams 
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may include a suitable processing device, for example, a computer or other microprocessor 
The data processing unit 22 may optionally employ sotb-vare to accomplish desired analysi 
of collected and/or stored data. Other data processing functions are also possible. 

Other embodiments and uses of the invention be apparent to those skilled in th 
an from consideration of the specification and practice of the invention disclosed herein. Tn 
specirlcation and examples should be considered exemplary only. 



